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INSPECTION SYSTEM FOR OPTICAL
COMPONENTS

CROSS REFERENCE TO RELATED
APPLICATION

The present application 1s a continuation-in-part of appli-
cation Ser. No. 08/099,966, filed Jul. 29, 1993, now aban-
doned.

FIELD OF THE INVENTION

This invention relates to a system for the ispection of
optical components. The optical components to be mspected
may 1nclude ocular optical components such as contact
lenses, eyeglasses, mtraocular lenses and the like.

BACKGROUND OF THE INVENTION

A principal objective of this invention 1s to provide a
system for inspecting contact lenses. Prior to the present
invention, optical components such as contact lenses were
often mspected manually with the use of a projection-type
device such as an optical comparator. Manual 1nspection
systems requiring human intervention are not practical for
high-speed production because they are too slow, because
human inspectors are prone to making biased judgments,
and because inspection results among different inspectors
are not uniform.

A principal obstacle to automatic inspection has been the
inability to produce high contrast images of optical
components, such as contact lenses, so that features such as
cuts, edges, scratches, tears and chips could be readily
detected and measured. In particular, 1t has been difficult to
obtain high contrast images of entire optical components. As
used here, the term “features” includes both beneficial
features such as certain topographical characteristics of toric
lenses and lens boundaries, as well as detrimental features
such as scratches, tears and chips.

The principal difficulty 1in obtaining high contrast images
of optical components such as contact lenses and eyeglasses
1s that they are transparent. Moreover, 1n the case of certain
optical components, such as hydrated contact lenses called
“hydrogels” which must remain immersed in a fluid such as
a saline solution, the production of high contrast images
involves a further complication. That 1s, the refractive indi-
ces for the optical component and the liquid solution may be
so similar that boundaries between the two are nearly
invisible. Images of the optical component are therefore of
low contrast.

Another difficulty in examining hydrogels is that they
cannot be kept 1n a fixed position during examination and
will move distances greater than the size of a small feature.
Theretore, 1t 1s important to obtain a high contrast image of
an entire hydrogel so that an 1mage can be captured by an
imaging system 1n a fraction of a second.

Another problem sought to be overcome by the present
invention concerns the problem of holding an optical com-
ponent 1n position for inspection without human interven-
fion. Indeed, in an automated system it may be critical to
have a positioning device that 1s actually part of the optical
system used to 1lluminate the optical component during the
automated 1nspection.

Japanese Patent Publication No. 55 134 339 (Oct. 20,
1980) relates to a lens inspection system for measuring the
power of a lens by forming a slit image of the lens being,
inspected. This system 1s not capable of forming an 1mage of
the entire lens so that i1ts features can be 1nspected.

10

15

20

25

30

35

40

45

50

55

60

65

2

Japanese Patent Publication No. 57 190 246 (Nov. 22,
1982) relates to a system for detecting defects in the power

characteristics of an optical component. The lens to be
inspected 1s mechanically scanned by inclining a mirror so
that light scans the lens. However this system, like that of the
previous paragraph 1s incapable of forming an 1image of the
entire lens being mspected.

Applied Optics, vol. 18, No. 22, (Nov. 15, 1979), pages
38663871 relates to a system for measuring spherical
aberrations 1n a lens. The light of this system {first passes
through a collimator lens and then through a pinhole array,
which, of course, defocuses the light, making 1t unsuitable
for forming a high contrast image of as optical component
to be 1nspected.

SUMMARY OF THE INVENTION

The novel 1nspection system of the present invention 1s
predicated upon the surprising discovery that despite the
transparent nature of optical components, high contrast
images of features of an optical component are produced by
focussing light through the optical component. Specifically,
the 1nspection system of the present invention comprises:

(A) image sensing means, having a detector, for sensing
an 1mage of an optical component; and

(B) means for focussing light through the optical com-
ponent prior to reaching the detector of the image
sensing means.

Means for focusing light 1s used to provide “focused
light”. “Focused light” refers to light where the direction of
rays 1s such that an image 1s formed 1n their path. Focused
light 1s distinguished from unfocused light in that a given
point on or 1n the optical component under test along the
path of the rays of focused light 1s intersected by substan-
tially a single geometric ray so that there 1s substantially a
one-to-one mapping of rays intersecting the optical compo-
nent under test to the 1image sensed by the image sensing
means.

Preferably, focused light 1s transmitted through the optical
component being tested such that the light reaches its focus
substantially at the entrance pupil of the 1mage sensing
means. It 1s also preferred that the light substantially fills the
entrance pupil of the 1mage sensing means, and, preferably,
the light does not substantially overfill the entrance pupil. It
1s also preferred that the light completely illuminates the
optical component under test prior to substantially filling the
entrance pupil.

In a preferred embodiment, means for focussing light can
comprise a collimated light source, comprising an 1llumina-
tor (any light source) and a collimated holes structure.

In another embodiment, means for focussing light can
comprise a refractive collimated light source comprising an
illuminator (any light source) and a collimating lens. The
means for transmitting focused light can also comprise a
reflective collimated light source comprising an i1lluminator
(any light source) and an optical mirror.

In a further embodiment, means for focussing light can
comprise a refractive convergent light source comprising an
illuminator (any light source) and a converging lens or a
reflective convergent light source comprising an illuminator
(any light source) and an optical mirror.

Additionally, means for focussing light can comprise a
refractive divergent light source comprising an illuminator
(any light source) and a diverging lens or a reflective
divergent light source comprising an illuminator (any light
source) and an optical mirror.

The present mnvention also provides a novel receptacle or
“cuvette” for holding and locating an optical component in
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position during inspection. The cuvette of the present inven-
fion comprises a bottom portion having a concave curved
inner surface for utilizing the force of gravity to hold an
optical component 1n place. When used 1n the inspection

system of the present invention, the cuvette’s bottom portion 5

1s made of a transparent material.

The present mvention also provides novel processes for
producing a high contrast 1mage of features of an optical
component comprising means for focussing light through
the optical component to be inspected and then onto an
image sensing means to form a high contrast image of
features of the optical component on the 1mage sensing
means. In a preferred embodiment, the focused light is
collimated light.

The present invention also provides novel processes for
inspecting an optical component comprising means for
focussing light through the optical component to be
inspected prior to light’s reaching the detector of an 1image
sensing means to form a high contrast image on the 1image
sensing means.

A detailed description of the present invention 1s set forth
below. However, the embodiments described herein are
merely illustrative; further embodiments will be apparent to
those having ordinary skill in the art.

DESCRIPTTION OF THE DRAWINGS

FIG. 1 1s a schematic 1llustration of an mspection system
of the present mvention showing the configuration of an
inspection system 1n a preferred embodiment employing a
collimated holes structure. Neither this figure nor any of the
other figures herein 1s drawn to scale.

FIG. 2 1s a diagram of an mspection system of the present
invention showing the path of the focused light in the
preferred embodiment schematically 1llustrated 1in FIG. 1.

FIG. 3a 1s a top view and FIG. 3b 1s a side view of the
collimated holes structure (12) used in FIG. 1. These figures
are not drawn to scale, and 1n particular, the number and size
of the holes in FIG. 3a are drawn for general illustration
purposes only.

FIG. 4 1s a cross sectional view of several of the holes (8)
of the collimated holes structure (12) depicted in FIG. 3a.

FIG. 5 1s a cross sectional view of a preferred embodiment
of the cuvette of the present invention showing several
specific measurements. A three dimensional perspective of
this cuvette can be generated by rotating the drawing about
its vertical axis, V.

FIG. 6 1s a diagram of an mspection system of the present
invention showing an embodiment wherein means for focus-
sing light comprises a refractive collimated light source.

FIG. 7 1s a diagram of an mspection system of the present
invention showing an embodiment wherein means for focus-
sing light comprises a refractive convergent light source.

FIG. 8 1s a diagram of an mspection system of the present
invention showing an embodiment wherein means for focus-
sing light comprises a refractive divergent light source.

FIG. 9 1s a diagram of an mspection system of the present
invention showing an embodiment wherein means for focus-
sing light comprises a reflective collimated light source.

FIG. 10 1s a diagram of an inspection system of the
present invention showing an embodiment wherein means
for focussing light comprises a reflective convergent light
source.

FIG. 11 1s a diagram of an 1nspection system of the present
invention showing an embodiment wherein means for focus-
sing light comprises a reflective divergent light source.
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DETAILED DESCRIPTION OF THE
INVENTION

In a preferred embodiment of the inspection system of the
present invention, means for focussing light comprises a
light source which transmits collimated light. In a speciiic
preferred embodiment, the light source comprises an 1illu-
minator and a material having a plurality of parallel holes,
preferably a collimated holes structure as described 1n more
detail below. In particular, with reference to FIGS. 1 and 2,
an 1lluminator (10), such as a STOCKER & YALE Model 13
fluorescent illuminator, provides light to means for colli-
mating light—here a collimated holes structure (12). With
reference to FIG. 1, a spacing member (14), which will be
described 1n more detail below supports an mspection recep-
tacle or “cuvette” (16) above the collimated holes structure
(12). The cuvette (16) contains a saline solution (18) for
maintaining hydration of an optical component, here a
contact lens (20). In addition to containing the solution (18)
and the contact lens (20), the cuvette has been engineered to
further focus light which has been collimated by the colli-
mated holes structure (12) through the contact lens (20).
That light, 1n turn, reaches 1mage sensing means for sensing
an 1mage of the optical component. The 1mage sensing
means has an entrance pupil (21, FIG. 2) and a detector (27,
FIG. 2). Preferably, the detector of the image sensing means
is a CCD array (27, FIG. 2). In a preferred embodiment, the

Image sensing means comprises a camera, preferably a video
camera (22) which may optionally be a SONY XC77RR

Charge Coupled Device (CCD) video camera connected to
a camera lens (24, FIG. 1) which is preferably a NIKON 60
mm. MICRO-NIKKOR lens having an entrance pupil (21,
FIG. 2). In this particular embodiment, the optical features
are projected 1n a “bright”™—as opposed to a “dark”™—field.

The 1mage can then be transmitted to an electronic 1imaging
system (26, FIG. 1).

The Entrance Pupil

The entrance pupil of a lens (e.g., the lens of the image
sensing means of the present invention) is understood to be
the 1mage of the aperture stop as 1t 1s appears from the object
side of the lens. In the NIKON 60 mm. MICRO-NIKKOR
lens the aperture stop 1s the adjustable ir1s which controls the
f-number. Hence, the entrance pupil of the NIKON 60 mm.
MICRO-MKKOR lens 1s the 1image of the ir1s of this lens.
Light rays which fail to enter the entrance pupil will not
recach the 1mage plane of the 1mage sensing means.
Therefore, 1n order to obtain as bright and uniform an image
as possible, it 1s preferable to not overfill or undertill the
entrance pupil. With reference to FIG. 2, the collimated light
(28), which here 1s a form of focused light in accordance
with the present invention, preferably reaches its focus
substantially at the entrance pupil (21) of the image sensing
means (22). This can also be described as focusing the light
“through” the entrance pupil.

Unlike traditional imaging systems, where the illumina-
tion 1s not a focused beam, the aperture stop of the image
sensing means may also act as a field stop, severely limiting
the field of view if the light source 1s not properly focused
through the entrance pupil. In the present invention, proper
focus 1s achieved by the combined effects of the optics

employed by the light source and the optical properties of
the cuvette with solution contained within it.

When focused light 1s used in accordance with the present
invention, 1t 1s preferred but not required that a unique
mapping exists between points on the image and rays from
the object such that there 1s substantially a one-to-one
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correspondence between points on the 1mage and rays from
the object. This relationship increases the contrast in the
image.

Means for Collimating Light

In a specific preferred embodiment, means for collimating
light comprises a disc of opaque material having thousands
of small, parallel holes through 1its flat surfaces. A preferred
material 1s dark glass which 1s light absorbing. Black glass
1s highly preferable. With dark glass, the interior walls of the
holes will be dark in color and will thus absorb light and
reduce internal reflections which cause diverging exit rays.
In a preferred embodiment, the interior walls of the holes are
black and the holes are preferably between 10 to 30 um. in
diameter (assuming a circle of best fit where the hole may
have a non-circular shape) in a disc of between 1 to 2 mm.
thickness. The aspect ratio of the holes (the ratio of the
length of a hole to its diameter) 1s preferably 30:1 or greater.

Means for collimating fight may, 1n a preferred
embodiment, comprise a collimated holes structure (12),
FIG. 3, of black opaque glass approximately 20 mm 1n
diameter and 2 mm thick. In a more preferred embodiment,
it 1s estimated that there are 600,000 parallel holes of
approximately 20 um diameters aligned perpendicular to the
faces of the disc and penetrating through them. The opaque
olass has an optical density of at least 65 Db/mm. The open
arca of the holes 1s estimated to be 60% of the surface arca
of a face. Such a structure 1s sometimes referred to as a
“collimated holes structure”. A preferred collimated holes
structure for use 1n the present mnvention 1s manufactured by
Collimated Holes, Inc. of Campbell California—Part No.
781-0009. With reference to FIGS. 3 and 4, the holes (8) of
preferred collimated holes structure (12) have interior walls
(9, FIG. 4) that are black in color and made of an opaque,
light absorbing material, e.g., black opaque glass.

Camera

A preferred video camera (22) for use in the present
invention contains a %3 inch CCD array (27) of individual
sensors—ecach of which 1s capable of transducing light
energy 1nto electrical energy. The CCD array has 493
horizontal rows of individual sensors. Each row has 768
individual sensors. Thus the total array contains 378,264
individual sensors—which 1s approximately 63% of the
number of holes used to collimate the light 1 this embodi-
ment. The camera generates 30 frames or images per second.
Thus, 1in this embodiment, the means for collimating light
has a greater number of holes than the 1mage sensing means
has individual sensors in 1its array. The camera may be
connected to a video monitor to view the image of the
optical component or connected to an electronic 1maging
system (26, FIG. 1) which can analyze automatically image
electrical signals received from camera (22).

When a video camera 1s used to 1mage a contact lens
without the use of means for focussing light in accordance
with this invention, 1t 1s very difficult or impossible to detect
and measure features such as cuts, edges, scratches, tears or
chips. With the use of means for focussing light, e.g.
collimated light structure (12), high contrast portions of the
image of the optical component correspond to the features in
the optical component. Thus, there appears to be a 1:1
correspondence between high contrast areas 1n an 1mage and
features 1n a contact lens.

Electronic Imaging System

A preferred embodiment of the present invention further
comprises image sensing means Incorporating an electronic
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imaging system (26, FIG. 1) for analyzing image signals
received from the camera (22), wherein the electronic imag-
ing system comprises means for detecting in the image
signals an “1mage property” corresponding to a given feature
appearing 1n the optical component. For instance, where an
8-bit electronic imaging system is used (as for example one
containing an EPIX Model 10 Imaging Board), an “image
property”, as the term 1s used herein can constitute a value
in the range from 0 to 255 which 1s assigned to each gray
level in an 1mage. Without means for focussing light (e.g.
collimated holes structure (12)), differences in gray levels
caused by features generally were 1n the range of about 10
oray levels. Since variations in lighting across the 1mage can
be approximately of the same magnitude, accurate feature
detection and measurement was not possible. With the use of
means for focussing light in accordance with the present
invention, high contrast images of features having differ-
ences greater than 20 gray levels are readily obtained. This
has permitted accurate detection and measurement of fea-
tures.

[Iluminator

The STOCKER & YALE Model 13 fluorescent 1llumina-
tor was selected as a preferred illuminator in the present
invention because it contains a 20 Khz ballast which appears
to the camera (22) with a 30 frame-per-second frame rate as
a flicker-free 1lluminator and thus prevents the occurrence of
video “hum” bars 1n 1images. The light also has a low heat
content which prevents damage to contact lenses being
inspected. The light to be used 1n the present mnvention need
not necessarily be light within the visible light spectrum.
Other forms of light can include, e.g., infrared light.

Cuvette

The present invention provides receptacle or “cuvette”
(16) for holding an optical component in position during
inspection. Referring to FIG. §, the cuvette (16) of the
present invention comprises a bottom portion (30) having a
concave 1nner surface (31) for utilizing the force of gravity
to hold an optical component in the center of the cuvette.
Preferably, the concave curve of the inner surface (31) has
a radius of curvature in order to maximize the force of
gravity upon the optical component positioned therein for
the purpose of locating the optical component. (The optical
component is not shown in FIG. §). The radius of curvature
of the inner surface (31) is preferably equal to or greater than
the radius of curvature of the particular surface of the optical
component which 1s intended to be closest to the cuvette’s
concave inner surface (31). Basically, the radius of curvature
of the cuvette’s concave inner surface (31) is chosen to be
as steep as possible to maximize the centering ability of the
cuvette while being shallow enough to maintain center
contact with the optical component under inspection. This
minimizes the distance that an optical component (20, FIG.
1), such as a hydrogel, can move in Y50 second, the time
typically required to freeze an 1mage of an optical compo-
nent. In order to obtain reliable feature detection, 1t 1s highly
desirable to restrict the distance a hydrogel can move 1n one
frame time (i.e., Y30 second) to a distance less than the
smallest size feature which must be detected.

When the cuvette of the present invention 1s used 1n
connection with this invention’s novel inspection system,
the cuvette’s bottom portion (30) is made of a transparent
material, such as an optically clear polycarbonate or poly-
styrene plastic, and, under such circumstances, the radius of
curvature of the bottom portion’s inner surface has a second
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purpose. This curve (31), in combination with the surface
geometry of the outer surface (32) of the cuvette’s bottom
portion, provides optical power. Specifically, the surface
geometry of the bottom portion’s outer surface (32) which is
preferably convex, 1s selected so that the light which has
been focused substantially fills the entrance pupil of the
image sensing means and thus reaches 1ts focus substantially
at the entrance pupil. It should be noted here that the optical
power provided by the cuvette of the present invention; 1.¢.,
the power to focus light so that 1t substantially fills the
entrance pupil of the 1image sensing, can be used 1n any
embodiment of the system of the present invention, regard-
less of whether the light source transmits collimated light,
convergent light, or divergent light.

The transparent material used to form the cuvette’s bot-
tom portion (30) can also be made of glass or of an acrylic
material such as polymethmethacrylate.

Under certain circumstances, such as the inspection of
hydrated contact lenses, 1t 1s desirable to keep the lens
immersed 1n a liquid solution, especially a saline solution.
Under such circumstances, the cuvette of the present inven-
tion can be constructed to hold a liquid solution. With
reference to FIG. 5, this can be accomplished by providing
a “water-tight” cuvette wherein side walls (33) of the
cuvette’s bottom portion (30) extend upward for a sufficient
height such that liquid will be contained within the cuvette
without leaking or spilling.

In constructing the inspection system of the present
invention, it may be desirable to separate the cuvette (16)
from collimated holes structure (12). By separating the
cuvette (16) from structure (12), it is possible to focus the
lens of camera (24) on optical component (20) without
bringing the structure (12) into the camera lens’s depth-of-
field. To obtain a desirable distance between cuvette (16)
and structure (12), a hollow cylindrical spacing member
(14), shown in FIG. 1, can be placed in between these two
components. Preferably, spacing member (14) has a height
of approximately 2" (5.13 cm), an inside diameter of
approximately 1.25 (3.2 cm) and an outside diameter of
apprommately 2" (5.13 cm), and preferably the spacmg
member 15 made of dark gray plastic so as to minimize
internal reflection. The dimensions provided above and 1n
FIG. 5 are the more preferred dimensions. It 1s believed that
satisfactory results will be achieved if they are varied by as
much as £50%, more preferably not more than +25%, of
these preferred values. With regard to the radius R* 1n FIG.
5, the radius of curvature of the bottom portion’s outer
surface (32), this dimension is preferably 26.0 mm when the
bottom portion (30) is polymethylmethacrylate and prefer-
ably 22.3 mm when the bottom portion i1s polycarbonate.
R**, the radius of curvature of the bottom portion’s 1nner
surface (31), is preferably 12.5 mm.

With regard to a preferred alignment of this embodiment
of the system of 10 the present invention, the 1mage sensing
means 1s optically aligned with the collimated holes struc-
ture (12), the clear cuvette (16) and the optical component
to be inspected (20) such that the optical axes of each are

coaxial. (See optical axis (29) in FIG. 2).

USE OF A REFRACTIVE COLLIMATED LIGHT
SOURCE

In another embodiment of the present invention, means
for focussing light comprises a refractive collimated light
source, comprising an illuminator (any light source) and a
collimating lens. This embodiment, which 1s shown in FIG.

6, comprises an illuminator (40), such as the STOCKER &
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YALE Model 13 illuminator, which provides light to a
pinhole (41). A collimating lens (42) is then used to colli-
mate the light. The pinhole (41) is then considered as the
object for the collimating lens (42) which focuses the image
of the pinhole at infinity.

In a speciiic embodiment constructed in accordance with
the present invention, the pinhole diameter was 500 microns
and the collimating lens (42) was an achromatic doublet
(P/N 23-9756 from Ealing Electro-Optics of Holliston,
Mass.) with a focal length of 200 mm. Of course, one of
ordinary skill in the art will recognize that the diameter and
the focal length may be varied depending upon the lumi-
nance of the illuminator, the sensitivity of the 1mage sensing
means, and the degree of collimation required to obtain a
satisfactorily high contrast 1mage on the i1mage sensing
means. The specific pinhole used 1n this preferred embodi-
ment was Model No. 39729 from Edmund Scientific Corp.
of Barrington, N.J.

Preferably, a cuvette as described above 1s used 1n con-
nection with this embodiment and the collimated light is
focused by the cuvette before passing through the optical
component under test. With reference to FIG. 6, the curva-
ture of the cuvette radil must be chosen such that the focal
length of the cuvette (46) is appropriate to focus the light
substantially at the entrance pupil (51) of the image sensing
means (52), when the distance between the image sensing
means and the optical component 1s adjusted to provide the
desired magnification of the optical component. Preferably,
illuminator (40), pinhole (41), collimating lens (42), cuvette
(46), solution (48), entrance pupil (51), camera (52) and
CCD (83) are optically aligned along optical axis (49).

USE OF A REFRACTIVE CONVERGENT
LIGHT SOURCE

FIG. 7 shows an alternate embodiment which does not use
collimated light. In this embodiment a converging lens (62)
would be used. Light from the illuminator (60) would be
made to converge through converging lens (62) by adjusting
the distance between the converging lens and the pinhole
(61) so that this distance is more than the focal length of the
converging lens. Light would then be focused further
through the surfaces of the cuvette (66) and solution (68),
until it focuses substantially at the entrance pupil (65) of the
image sensing means (camera 64). The high contrast prop-
erties of the 1mage would be equivalent to the system
incorporating collimated light. Preferably, illuminator (60),
pinhole (61), converging lens (62), cuvette (66), solution
(68), entrance pupil (65), camera (64) and CCD (63) are

optically aligned along optical axis (69).

USE OF A REFRACTIVE DIVERGENT LIGHT
SOURCE

In another embodiment, light would be focused by means
of refraction of light emitted from a divergent light source
comprising an illuminator (any light source) and a diverging
lens. Specifically, as shown 1n FIG. 8, light from 1lluminator
(70) would be made to diverge through diverging lens (72)
by separating pinhole (71) and the diverging lens (72) by
less than one focal length of the diverging lens. Light would
then be focused further through the surfaces of cuvette (76)
and solution (78), until it focuses substantially at the
entrance pupil (75) of the image sensing means (camera 74).
A high contrast image would thus be achieved similar to the
high contrast 1mage previously described. Preferably, 1llu-
minator (70), pinhole (71), diverging lens (72), cuvette (76),
solution (78), entrance pupil (75) and camera (74) and CCD
(73) are optically aligned along optical axis (79).
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USE OF A REFLECTIVE COLLIMATED LIGHT
SOURCE

Knowing that light from the 1lluminator must be substan-
fially focused at the entrance pupil of the 1image sensing
means and the 1image of the optical component being tested
must be focused at the 1mage sensing means, this can be
accomplished by a light source using reflective optics as
well as refractive optics or a collimated hole structure, as
previously described. This embodiment comprising a reflec-
five collimated light source 1s shown in FIG. 9.

Thus, FIG Y shows a system identical to FIG. 6 except
that an off axis parabolic mirror (87) is used as a collimator.
The mirror 1s aligned with the op ical axis (89) and there is
a pmhole (81) which is placed off-axis at the focal point of
the mirror. The pinhole receives light from illuminator (80).
Preferably, parabolic mirror (87), cuvette (86), solution (88),
entrance pupil (85), camera (84) and CCD array (83) are
optically aligned along optical axis (89).

USE OF A REFLECTIVE CONVERGENT LIGHT
SOURCE

FIG. 10 1s similar to FIG. 9 except that the pmhole (91)

1s more than one focal length distance from the off-axis
parabolic mirror (97). The light source is then convergent as
in FIG. 7. The pinhole (91) receives light from illuminator
(90). Preferably, parabolic mirror (97), cuvette (96), solution

(98), entrance pupil (95), camera (94) and CCD array (93)
are optically aligned along optical axis (99).

USE OF A REFLECTIVE DIVERGENT LIGHT
SOURCE

FIG. 11 is similar to FIG. 9 except that the pinhole (101)
1s less than one focal length from the off axis parabolic
mirror (107). The light source 1s then divergent as in FIG. 8.
The pinhole (101) receives light from illuminator (100).

Preferably, parabolic mirror (107), cuvette (106), solution
(108), entrance pupil (105), camera (104) and CCD array
(103) are optically aligned along optical axis (109).

Many modifications and variations of the present inven-
tfion can be made without departing from 1ts spirit and scope,
as will become apparent to one of ordinary skill 1n the art.
The specific embodiments described herein are offered by
way ol example only, and the invention should not be
construed as limited thereby.

What 1s claimed 1s:

1. A system for producing a high contrast bright field
image of features of an ocular optical component under
Inspection, comprising;:

a) image sensing means, having a detector and an entrance
pupil for sensing light focused through the ocular
optical component under mspection;

b) means for focussing light through the ocular optical
component, wherein the 1mage sensing means has an
optical axis which 1s optically aligned with an optical
ax1s of the means for focussing light and an optical axis
of the ocular optical component such that the optical
axes of each are substantially coaxial; and

c) a source of light,

d) said light focusing means focusing light through the
ocular optical component under inspection, thereby
producing a high contrast bright field image of the
features of the ocular optical component;

¢) wherein the ocular optical component is contained
within a cuvette having a transparent bottom portion,
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the cuvette’s bottom portion comprising a convex outer
surface and an adjacent concave 1nner surface, wherein
the geometry of the outer surface 1s selected so that the
image of the light which has been focused substantially
f1lls the entrance pupil of the 1mage sensing means.

2. A system according to claim 1 wherein the light reaches
its focus substantially at the entrance pupil of the image
Sensing means.

3. A system according to claim 2 wherein the light does
not substantially overfill the entrance pupil.

4. A system according to claim 1 wherein said means for
focussing light includes a refractive collimated light source
comprising a collimating lens.

5. A system according to claim 1 wherein said means for
focussing light 1includes a refractive converging lens.

6. A system according to claim 1 wherein said means for
focussing light includes a refractive diverging lens.

7. A system according to claim 1 wherein said means for
focussing light 1includes a reflective collimated light source
having an optical mirror.

8. A system according to claim 1 wherein said means for
focussing light includes a reflective convergent light source
having an optical mirror.

9. A system according to claim 1 wherein said means for
focussing light includes a reflective divergent light source
having an optical mirror.

10. A system according to claim 1 wherein the 1mage
sensing means comprises a video camera for generating
image signals.

11. A system according to claim 10, wherein the video
camera cComprises an image sensor containing an array of
individual sensors, wherein each individual sensor 1is
capable of transducing light energy into electrical energy.

12. A system according to claim 11, wherein said means
for focussing light includes a material having parallel holes
formed by interior walls and the number of parallel holes 1s
orecater than the number of individual sensors 1n the 1image
Sensing means.

13. The system according to claim 10, further comprising
an electronic 1maging system for analyzing image signals
received from the video camera, wherein said electronic
Imaging system comprises a means for detecting an 1image
property 1n the signal from the video camera corresponding
to a feature appearing 1n the ocular optical component.

14. The system of claim 10, further comprising an elec-
fronic 1maging system for analyzing image signals received
from the video camera, wherein said electronic 1maging
system comprises a means for detecting an 1mage property
in the signal from the video camera corresponding to a
feature appearing in the ocular optical component.

15. The system of claim 1 wherein the ocular optical
component under inspection 1s a contact lens.

16. The system of claim 1 wherein the light completely
illuminates the ocular optical component under inspection
and the 1mage of the enfire ocular optical component under
inspection 1s sensed by the 1mage sensing means.

17. The system of claim 1 wherein the means for focusing
light through the ocular optical component includes a means
for collimating light.

18. The system of claim 17 wherein the means for
collimating light comprises a material having a plurality of
parallel holes.

19. The system of claim 18, wherein the parallel holes are
formed by interior walls that are dark in color.

20. The system of claim 18, wherein the parallel holes are
formed by interior walls that are made of an opaque mate-
rial.
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21. The system of claim 18, wherein the parallel holes are
formed by interior walls that are made of light-absorbing
material.

22. The system of claim 21, wherein the interior walls are
made of black opaque glass.

23. The system of claim 18, wherein the parallel holes
have an aspect ratio of 30:1 or greater.

24. The system of claim 18, wherein the parallel holes
have a diameter 1n the range of from 10 to 30 um.

25. A system of claim 18, wherein the parallel holes are
cylindrical 1n shape having a height in the range of from 1
to 2 mm and a diameter 1n the range of from 10 to 30 um.

26. The system of claim 1 wherein the bottom portion of
the receptacle 1s made of plastic.

27. A system for producing a high contrast bright field
image of features of an ocular optical component under
Inspection, comprising;:

a) image sensing means, having a detector, for sensing

light focused through the ocular optical component
under 1spection;

b) means for focussing light through the ocular optical
component, and

c) a source of light,

d) said light focussing means focussing light through the
ocular optical component under inspection, thereby
producing a high contrast bright ficld image of the
features of the ocular optical component,

¢) wherein the ocular optical component is contained
within a receptacle having a bottom portion made of a
transparent material and having a concave inner
surface, wherein the bottom portion’s concave inner
surface has a radius of curvature and said radius of
curvature 1s at least equal to a radius of curvature of the
particular surface of the ocular optical component
which 1s mtended to be closest to the concave inner
surface of the bottom portion of the receptacle.

28. A system for producing a high contrast bright field
image ol features of an ocular optical component under
Inspection, comprising;:

a) image sensing means, having a detector and an entrance

pupil, for sensing light focused through the ocular
optical component under mspection;

b) means for focussing light through the ocular optical
component, and

¢) a source of collimated light,

d) said light focussing means focussing light through the
ocular optical component under inspection, thereby
producing a high contrast bright field image of the
features of the ocular optical component,

¢) wherein the ocular optical component is contained
within a receptacle having a bottom portion made of a
transparent material and having a concave inner
surface, wherein the receptacle’s bottom portion further
comprises a convex outer surface, and wherein the
outer surface geometry 1s selected so that the 1mage of
the light which has been collimated substantially fills
the entrance pupil of the 1mage sensing means.

29. The system of claim 28, wherein the ocular optical
component 1s immersed 1n an aqueous solution contained 1n
the receptacle.

30. A system for inspecting visual features of an ocular
optical component comprising:

a) a source of light;

b) an optical parallel holes structure for collimating said
light which 1s aligned to transmit light through said

10

15

20

25

30

35

40

45

50

55

60

65

12

parallel holes structure and then through an ocular
optical component to yield an illuminated ocular opti-
cal component:

c) a light-detecting apparatus which senses said illumi-
nated ocular optical component and provides high
contrast bright field image signals of the ocular optical
component; and

d) means for imaging said high contrast image signals to
detect visual features of the ocular optical component
including means for bringing light from said 1llumi-
nated ocular optical component under inspection to a
focus onto the surface of a light-detecting device of
said light-detecting apparatus;

¢) wherein the ocular optical component is a hydrogel lens
in an aqueous solution, and the system further includes
a receptacle within which said hydrogel lens 1s carried,
said receptacle having a light-transparent base and a

concavity in said base within which said hydrogel lens
1s located, said receptacle having an optical power
which 1s selected to direct light from said parallel holes
structure to an entrance pupil of said light-detecting
apparatus.

31. The system of claim 30 wherein said light-detecting
apparatus includes a charge coupled device, with light from
said 1lluminated ocular optical component being focused at
the surface of said charge coupled device, and light from
said parallel holes structure substantially fills said entrance
pupil.

32. A system for inspecting visual features of an ocular
optical component comprising:

a) a source of light;

b) an optical parallel holes structure for collimating said
light which 1s aligned to transmit light through said
parallel holes structure and then through an ocular
optical component to yield an illuminated ocular opti-
cal component;

c) a light-detecting apparatus which senses said illumi-
nated ocular optical component and provides high
contrast bright field image signals of the ocular optical
component; and

d) means for imaging said high contrast image signals to
detect visual features of the ocular optical component;

¢) wherein said ocular optical component is carried in a
liquid within a concavity 1n a receptacle, said receptacle
having a transparent base through which said colli-
mated light passes to 1lluminate the ocular optical
component, said receptacle further having a first radius
of curvature for said concavity which 1s about the same
as or greater than a radius of curvature for a surface of
the ocular optical component carried within said con-
cavity which ocular optical component surface 1s most
adjacent said concavity during inspection, said recep-
tacle additionally having a convexity to said base which
convexity 1s coincident with an optical axis of said
concavity and has a second radius of curvature which
1s selected to yield an optical power to said receptacle,
said receptacle serving as a focal element 1n directing
said collimated light.

33. A cuvette for holding and locating an optical compo-
nent 1n position for inspection comprising: a bottom portion
having a concave curved mner surface, wherein the concave
inner surface has a radius of curvature that 1s equal to or
oreater than the radius of curvature of the particular surface
of the optical component under 1nspection that 1s intended to
be closest to the cuvette’s concave 1nner surface, to thus
utilize the force of gravity to position the optical component
and minimize 1ts movement;
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said bottom portion having a convex outer surface, the
radius of curvature of said outer surface being selected
so that said concave inner surface and said convex
outer surface cooperate to provide optical power that
will focus light through said bottom portion and to a
selected location.
34. The cuvette of claim 33 wherein the bottom portion of
the cuvette 1s made of a transparent material.
35. The cuvette of claim 33 wherein the bottom portion of
the cuvette 1s made of plastic.
36. The cuvette of claim 35 wherein the cuvette 1s capable
of containing liquid.
37. A combination of the cuvette of claim 33 and a contact
lens 1n the cuvette as the optical component under 1nspec-
tion.
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38. The cuvette of claim 33 wheremn said radws of
curvature of said outer surface 1s selected so that collimated
light directed upwardly through said bottom portion 1is
converged by the optical power of the cuvette such that 1t
passes through said optical component and 1s focused at an
entrance pupil of an 1mage sensing device.

39. The combination of claim 37 wherein the cuvette
contains a liquid through which the light passes, and further
wherein the radn of curvature of said inner and outer
surfaces and the optical characteristic of the liquid combine
so that collimated light directed upwardly through said
bottom portion 1s converged by the optical power of the
cuvette such that it passes through said contact lens and 1s

focused at an entrance pupil of an 1mage sensing device.
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